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Abstract

We study the effects of government spending shocks in an economy with multiple
interconnected production sectors that differ in their price rigidity, factor intensities,
use of intermediate inputs, and contribution to final demand. The cumulative ag-
gregate output multiplier associated with an aggregate government spending shock
is 84% larger than that obtained in the average one-sector economy. This amplifi-
cation is mainly driven by sectoral heterogeneity in price rigidity and the presence
of input-output linkages. We also document substantial heterogeneity in the ag-
gregate effects of sector-specific government spending shocks, and identify the key
factors that account for it. Government spending shocks tend to have larger effects
on aggregate output when they originate in sectors that have relatively rigid prices
and high labor shares in value added, and are located downstream in the production

network.
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1 Introduction

Fiscal packages involve purchases of goods and services produced by heterogeneous
and interconnected industries. For instance, the 2009 American Recovery and Rein-
vestment Act provisioned a $228 billion increase in government spending, of which
$144 billion were allocated to educational services, transportation projects, and en-
ergy programs. This fact, however, is largely overlooked by theoretical studies of
fiscal policy, which tend to rely on one-sector models (e.g., Aiyagari et al., 1992; Bax-
ter and King, 1993; Burnside et al., 2004; Christiano et al., 2011; Woodford, 2011;
Leeper et al., 2017). To the extent that sectoral heterogeneity and inter-sectoral
linkages affect the aggregate implications of public expenditure, the assumptions of
symmetry and absence of production networks embedded in the one-sector frame-
work can be an important source of bias when evaluating the government spending
multiplier.

In this paper, we study the effects of government spending in the context of a
multi-sector sticky-price model featuring input-output linkages. The sectors differ
in their price rigidity, factor intensities, use of intermediate inputs, and contribu-
tion to final demand. The model consists of 58 sectors, which roughly correspond
to the 3-digit level of the North American Industry Classification System (NAICS)
sectoral codes, and is calibrated based on the actual Input-Output matrix of the
U.S. economy, as well as on available estimates of sectoral price rigidity. Although
the model incorporates input-output linkages and numerous dimensions of hetero-
geneity, it represents a natural extension of the standard New Keynesian model,
which it nests as a limiting case.

Our first contribution is to determine how and to what extent sectoral hetero-
geneity and input-output interactions affect the aggregate effects of government
spending relative to the benchmark one-sector economy. We find that the long-run
cumulative value-added multiplier associated with a spending shock that is common
to all sectors is 84 percent larger in the multi-sector economy than in the average
one-sector economy. This amplification is mainly due to sectoral heterogeneity in
price rigidity and the presence of input-output interactions. To shed light on the
mechanisms underlying this result, we provide some analytical insights based on
a stripped-down version of the model, which isolates the role of intermediate in-
puts and sectoral heterogeneity in price rigidity. Both features raise the size of the
government spending multiplier by acting as sources of real rigidity.

Fiscal packages are typically devised to target some specific industries. Ac-

counting for this fact is of paramount importance when evaluating the spending



multiplier. In this respect, our second contribution is to study the implications of
the sectoral allocation of government spending for aggregate outcomes. We do so by
analyzing the economy-wide response to sector-specific spending shocks. Relating
the aggregate effects of a shock to a given sector to its characteristics and position
in the production network also enables us to unveil the propagation channels of
government spending.

We document substantial dispersion in the effects of sector-specific government
spending shocks on aggregate value added, with a cumulative multiplier ranging
from 0.27 to 0.89 at the 1-year horizon, and from 0.32 to 0.75 in the long run. This
heterogeneity is not limited to aggregate output; it also extends to consumption, in-
vestment, employment, inflation, and the real wage. The dispersion in the response
of the aggregate wage, in particular, is not only in terms of magnitude but also in
terms of sign, especially at short horizons. For instance, the 1-year cumulative wage
response is negative when the spending shock occurs in 30 out of the 58 sectors.
This result implies that the response of the real wage to a government spending
shock cannot be used to discriminate between competing theories of aggregate fluc-
tuations, as it has been argued in the literature (e.g., Perotti, 2008 and Nekarda
and Ramey, 2011).

We then ask: which factors drive the observed heterogeneity in the response of
aggregate variables to sectoral spending shocks? We find larger effects on aggregate
output when shocks originate in sectors that have relatively rigid prices and high
labor shares in value added (for given shares of intermediate inputs in gross output).
Heterogeneity in price stickiness and labor intensity across production sectors intro-
duces an additional shift term in the aggregate labor demand schedule. This shifter
is larger when spending increases in sectors that have relatively rigid prices and are
labor intensive, thus leading to higher equilibrium levels of aggregate employment
and output.

In addition to these two sectoral intrinsic characteristics, we show that a sector’s
position in the production network is a key determinant of the aggregate effects of
a dollar spent on its goods. More specifically, the aggregate value-added multiplier
tends to be large when spending occurs in sectors that are located downstream
in the production networkf_-] Downstreamness implies positive spillovers from the
sector impacted by the shock to its input-supplying industries, as the affected sec-

tor demands more intermediate inputs to meet the increase in demand from the

'Downstream sectors are located at the bottom of the supply chain, demanding intermediate inputs from
many industries and selling most of their output to final consumers. In contrast, upstream sectors are located
at the top of the supply chain, selling most of their output as intermediate inputs to other industries.



government. These positive spillovers outweigh the negative ones resulting from
the increase in the relative price of the affected sector, which makes its product
relatively more expensive for its customer industries.

In sum, our findings highlight the fact that the size of the spending multiplier
crucially depends on the sectoral composition of government purchases. This ob-
servation poses yet another challenge for empirical research on fiscal multipliers, as
the identification of shocks to government spending should also control for changes
in the allocation of public expenditure across sectors. At the same time, it can ra-
tionalize (at least partially) the marked dispersion in the available estimates of the
spending multiplier. In light of our analysis, studies that exploit military build-ups
(e.g., Barro and Redlick, 2011 and Ramey, 2011) tend to find relatively low multipli-
ers likely because they focus on a component of public spending that is concentrated
in few manufacturing industries, characterized by low price rigidity and labor in-
tensity, and an upstream position in the production network. Conversely, studies
focusing on local spending, which is highly concentrated in education and health
care services (e.g., Schoag, 2010), tend to estimate larger multipliers likely because
they exploit changes in government purchases that involve sectors that have rigid
prices, are labor intensive, and are located downstream in the production network.

This paper relates to the literature that studies the fiscal multipliers associated
with broad categories of government spending, which either compares government
investment to government consumption (e.g., Baxter and King, 1993; Boehm, 2018;
Bouakez et al., 2018), or disaggregates government consumption into wages of gov-
ernment employees and purchases of private-sector goods (e.g., Lane and Perotti,
2003; Pappa, 2009; Auerbach and Gorodnichenko, 2012; Chang et al., 2017; Bouakez
et al., 2018; Moro and Rachedi, 2018). We focus on government consumption spend-
ing that consists in purchases of goods and services. In doing so, our model allows
for inter-sectoral linkages and a much more comprehensive degree of heterogeneity
than existing studies that examine the effects of public consumption within two-
sector modelsE] As we show, these features are crucial to understand the aggregate
implications of government spending shocks and their propagation.

Our paper also relates to the vast literature on sectoral heterogeneity and produc-
tion networks. First, it is connected with studies that emphasize the role of sectoral

heterogeneity in price rigidity in amplifying the degree of monetary non-neutrality

%In these studies, sectors differ regarding their tradability (e.g., Monacelli and Perotti, 2010), production
technology (e.g., Alonso, 2016), or the degree of capital specialization (e.g., Ramey and Shapiro, 1998). Nekarda
and Ramey (2011) empirically evaluate the implications of industry-level government purchases at a high level
of disaggregation (274 industries), but do not estimate their aggregate effects.



(e.g., Carvalho, 2006; Nakamura and Steinsson, 2010; Bouakez et al., 2014; Pasten
et al., 2018). We show that an analogous result holds in the case of government
spending shocks. Second, our paper ties in closely with existing work on the impli-
cations of production networks for the propagation of shocks (e.g., Horvath, 1998,
2000; Bouakez et al., 2009, 2011; Acemoglu et al., 2012, 2015; Carvalho, 2014; Pas-
ten et al., 2017, 2018; Petrella et al., 2018). This strand of the literature has focused
exclusively on technology and monetary policy shocks, with the notable exception
of Acemoglu et al. (2015), who empirically investigate the short-run propagation of
government spending through the Input-Output matrix. We build on and extend
the work of Acemoglu et al. (2015) by developing a New Keynesian model in which
government spending shocks propagate both upstream and downstream through
the production network and changes in relative prices. Our paper also differs from
theirs in that it documents heterogeneity in the aggregate effects of sector-specific
spending shocks, and identifies the features that account for it.

Finally, we complement the literature that examines the implications of hetero-
geneity across households for fiscal multipliers (e.g., Gali et al., 2007; Brinca et al.,
2016; Hagedorn et al., 2018). While we retain the convenience of the representative-
household framework, we highlight the role of heterogeneity on the production side
of the economy.

The rest of this paper is organized as follows. Section 2 presents the model. Sec-
tion 3 discusses the calibration. Section 4 studies the role of sectoral heterogeneity
and input-output interactions in amplifying the government spending multiplier.
Section 5 studies the propagation of sector-specific shocks, first by documenting the
cross-sectional dispersion in their aggregate effects, then by examining the determi-
nants of this dispersion, with a particular focus on the role of production networks.

Section 6 concludes.

2 Model

We build a multi-sector New Keynesian model with physical capital, intermedi-
ate inputs, and sector-specific government consumption spending. The economy
consists of households, firms, and a government. The representative household con-
sumes, saves in nominal bonds, provides labor to intermediate-good producers, and
accumulates capital, which is then rented to firms. Intermediate-good producing
firms are uniformly distributed across S sectors, which differ in their price rigidity,
factor intensities, use of intermediate inputs, and contribution to final demand. The

government consists of a monetary authority, which sets the nominal interest rate



following a Taylor rule, and a fiscal authority, which finances an exogenous stream
of government spending by levying a lump-sum tax on the household.

Although the model incorporates input-output linkages and numerous dimen-
sions of heterogeneity, it represents a natural extension of a the standard New

Keynesian model, which it nests as a limiting case.

2.1 Households

The economy is populated by an infinitely-lived representative household that has
preferences over consumption, Cy, and labor, Ny, so that its expected lifetime utility
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0 leo' N1+77

t t t

EY 5 L_U—elﬂ}, 1)
=0

where (3 is the subjective time discount factor, o captures the degree of risk aversion,
f is a preference parameter that affects the disutility of labor, and 7 is the inverse
of the Frisch elasticity of labor supply.

The household enters period t with a stock of nominal bonds, B;, and a stock
of physical capital, K;. During the period, it receives the principal and the interest
on its bonds holdings, with R; denoting the gross nominal interest rate, provides
labor and rents physical capital to the intermediate goods producers in exchange of
a nominal wage rate, W, and a nominal rental rate, Rg ;. It also receives nominal
profits from intermediate-good producers in all sectors, 25321 D, ;, and pays a lump-
sum tax, T, to the government. The household purchases a bundle of consumption
goods at price P, and one of investment goods, I;, at price Pr;, and allocates its
remaining income to the purchase of new bonds. Its budget constraint is therefore

given by
S
P.C,+ Pyl + Biyy + PT, = Wy N, + R KK, + By Ry + Z Dg;. (2)
s=1

Investment is subject to convex adjustment costs, so that the stock of physical

SE]

where ¢ is the depreciation rate and €) captures the severity of the adjustment cost.

capital evolves over time according to

Kt+1 - (1 —(5) Kt+jt

The household chooses Cy, Ny, I;, K;11, and Byyq to maximize life-time utility (1)

subject to the budget constraint (2), the accumulation equation (3), and a no-Ponzi
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game condition.

We assume that labor and capital provided by the household to the firms cannot
perfectly move across sectors. Eisfeldt and Rampini (2006), Lee and Wolpin (2006),
and Lanteri (2018) document that both labor and capital adjust very sluggishly in
response to shocks, and are reallocated imperfectly across sectors in the short- and
medium-run. To capture this feature of the data, we follow Huffman and Wynne
(1999), Horvath (2000), and Bouakez et al. (2009), and posit that the total amount
of labor provided by the household is a CES function of the labor supplied to each

sector, that is
VN

S 1 1+vy I+vy
— VN VN
Nt - ZWN7st,t ) (4)
s=1

where wy 5 is the weight attached to labor provided to sector s, and vy denotes the

elasticity of substitution of labor across sectors, which captures the degree of labor
mobility. When vy — o0, labor is perfectly mobile and nominal wages are equalized
across sectors. Instead, as long as vy < oo, labor is imperfectly mobile and wages
can differ across Sectorsﬁ The nominal wage rate is defined as a function of the

nominal sectoral wages, W, as follows

s Trow
Wi [z wN,Sw;;VN] | 5

s=1

In equilibrium, labor is allocated across sectors such that the following first-order

conditions hold

)

Wei \™
Nst:wN,8< 7t) Nt7 521,...,5’. (6)

Analogously, the total amount of physical capital is given by the CES function

(7)

VK
1+vg ] Itvg
Y

S.o1
— VK VK
K, = E wK,sKs,t
s=1

where wg ; is the weight attached to capital provided to sector s, and vi is the

elasticity of substitution of capital across sectors. The aggregate nominal rental

3Imperfect labor mobility allows our model to be consistent with the large wage differentials across sectors
that have been documented in the literature (e.g., Krueger and Summers, 1988; Gibbons and Katz, 1992;
Neumuller, 2015). Katayama and Kim (2018) show that modeling imperfect labor mobility as in Equation ({4])
provides a better account of the comovement of output and hours worked than alternative explanations based
on the wealth effects associated with labor supply.



rate of capital is defined as

s e
1 2574
Ri: = [Z WK,SRK,s,tHVK] ) (8)

s=1

where R ¢ is the nominal rental rate of capital in sector s. In equilibrium, capital

is allocated across sectors such that the following first-order conditions hold

Ricsi\ ™
Kot = Wis ( sz ’t> K, s=1,...,5 (9)
it

2.2 Firms

In each sector, there is a continuum of producers that assemble differentiated va-
rieties of output using labor, capital, and a bundle of intermediate inputs. These
differentiated varieties are then aggregated into a single good in each sector by a rep-
resentative wholesaler. The goods produced by the S representative wholesalers are
then purchased by retailers who assemble them into consumption and investment

bundles sold to households, and intermediate-input bundles sold to producers.

2.2.1 Producers

In each sector, there is a continuum of monopolistically competitive producers in-
dexed by j € [0, 1] that use labor, capital, and a bundle of intermediate inputs to
assemble a differentiated variety using the Cobb-Douglas technology

—agy

1 ;
Jo N OV g 1TONs ° g OHs
Zs,t - (Ns,t Ks,t Hs,t ) (10)

where Z(th is the gross output of the variety of producer j, Nit, Kﬁjt, and Hit
denote labor, capital, and the bundle of intermediate inputs used by this producer,
ap,s is the share of intermediate inputs in gross output, and ay, is the value-
added-based labor intensity, so that an s (1 — aps) is the gross-output-based labor
intensity. In equilibrium, labor-market clearing implies that Ny, = fol stytdj , SO
that the amount of labor provided by the household to each sector equals the total
amount of labor demanded by the producers. Analogously, we have K ; = fol K itdj
and H,; = fol H;tdj.

As producer j sells its output Zﬁ}t at price Pit to the wholesalers, hires labor at

the wage W, rents capital at the rate R s, and purchases intermediate inputs at



the price Py s, its nominal profits equal
Dg,t (Pit) = st,tZg,t - Ws,tNit - RK,s,tKg,t - PH,s,tHg,t- (11)

Producers set their price according to a Calvo-type pricing protocol. The Calvo
probability that the price remains fixed from one period to the next is constant and
identical across producers within the same sector. However, we allow this probability
to differ across sectors, and denote it by ¢,. By the law of large numbers, a fraction
1 — ¢, of producers are able to reset their prices in each period. The optimal reset

price, P; 7, maximizes the expected discounted stream of real dividends:

Dg‘,z (st,t)
P,

o0 C_o.
max E bt Z2 12
|27 12)

2.2.2 Wholesalers

In each sector, perfectly competitive wholesalers aggregate the different varieties
into a single final good. The representative wholesaler in sector s has the following

CES production technology:

1 . oe—1 i
Zs,t = |:/ Zg,t ‘ d]:| ) (13)
0

where Zgﬁt is the output of sector s, and € is the elasticity of substitution across
varieties within the sector, which is assumed to be constant across sectors. The

price of the final good s is then given by

1

1 S 1—e 1—e
Ps,t = |:/ st,tl d.]:| ’ (14)
0

and the problem of the representative wholesaler in sector s reads as

1
max Ps,tZs,t - / Ps],tZg,tdj
0

J
Zs,t

1 o oe—1 e—1
S.t. Zs,t == |:/ Zg,t € dj:| y
0

which implies the following first-order conditions:

71, = P _Z €01, s=1,...,8 15
st — Pst ENA) ]6[7]78_ g ey M ( )
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The final good of sector s is sold to consumption, investment, and intermediate-input
retailers, as well as to the fiscal authority. This yields the following market-clearing

condition:
s

Zs,t = Cs,t + ]s,t + Z Hx,s,t + Gs,t7 (16)

=1

where G, denotes government purchases from sector s.

2.2.3 Consumption-good retailers

Perfectly competitive consumption-good retailers purchase goods from the whole-
salers of each sector and assemble them into a consumption bundle sold to house-

holds. The representative consumption-good retailer uses the following Cobb-Douglas

technology:
S Ve, s
Ct - H S—i, (17)
s=1 VC’SVQS

where C;; denotes the retailer’s purchase of consumption goods from the wholesaler
of sector s, and v¢ s denotes the share of good s in the consumption bundle, such that
Zil ve,s = 1. The consumption bundle is sold to households at the equilibrium

price P, given by
p=]]F (18)

The consumption-good retailer therefore solves the following problem:

S
maXPtCt - E PstC’St
Cs,t ) )
s=1
S Vo, s
Cof
s.t. Ct = H s
I/C',syc’S

s=1

which yields the following first-order conditions:

P,
t—ct s=1,..

9. 1
Ps’t Y Y 7S ( 9)

Cs,t =Vcs

2.2.4 Investment-good retailers

Investment-good retailers behave analogously to the consumption-good retailers.
The representative investment-good retailer buys goods from the representative

wholesaler of each sector and assembles them into an investment bundle using the

10



Cobb-Douglas technology

I = H+7 (20)

where I;; denotes the retailer’s purchases of investment goods from the wholesaler
of sector s, and vy s denotes the share of good s in the investment bundle, such that
Zle vrs = 1. The investment bundle is sold to households at the equilibrium price

Pr,, given by
s
Pry = H Psl:i’sa (21)
s=1

and the first-order conditions associated with the retailer’s optimization problem

are given by

’ s=1,...,5. (22)

2.2.5 Intermediate-input retailers

Perfectly competitive intermediate-input retailers transform the goods assembled by
the wholesale producers of all sectors into a bundle of intermediate inputs destined
exclusively to the producers of a specific sector. The representative intermediate-
input retailer that sells exclusively to sector s produces the bundle H,; using the

Cobb-Douglas technology

S
Hs " VH,s,x
P ) L 3

)
’ VH,s,x
=1 VH s,

where H,,; is the quantity of goods purchased from the wholesaler of sector z,
and vy s, is the share of the intermediate inputs produced by sector z in the total
amount of intermediate inputs used by firms in sector s, such that 25:1 Visz = 1.
The intermediate-input bundle is sold to firms in sector s at the equilibrium price

Py s+, which satisfies
s
Py =[] P (24)
x=1

The problem of this intermediate-input retailer, therefore, is

S
max PH,s,tHs,t - E Px,tHS,:p,t
=1

Hs,ac,t

S
H tVH,s,z
R | e

Y
’ VH,s,x
=1 VH sz %
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which implies the following first-order conditions:

PH,s,tHs,t

P, s,e=1,...,8. (25)

Hs,z,t = VH;sz

2.3 Government

The government consists of a monetary and a fiscal authority. The monetary au-

thority sets the nominal interest rate, R;, according to the Taylor rule

Rt B Rt—l PR on Y; Py l-vr
= (B o m (5 , (26

where R denotes the steady-state nominal interest rateﬁ g is the degree of interest

rate inertia, Y; is the aggregate value added of the economy, Y1 is the aggregate
value added of a counterfactual economy with fully flexible prices, ¢ and py mea-
sure the degree to which the monetary authority adjusts the nominal interest rate

in response to changes in the consumption-based inflation rate, m;, = Pf ~ —1, and

to changes in the output gap, respectively.
Government purchases from sector s are governed by the following auto-regressive
process:
logGsr = (1 —p)log Gy + plog G i1 + €54, (27)

where G defines the steady-state amount of sectoral government spending, and
p measures the persistence of the process, which is assumed to be uniform across
sectors. Sectoral government spending changes over time following the realizations
of the unique source of uncertainty in the model: sectoral government spending
shocks, €, which follow a normal distribution with mean zero.

Once the spending shocks are realized, the government purchases goods from the
representative wholesaler at price F;,;. Government purchases are financed through
lump-sum taxes paid by the householdﬂ which implies the following budget con-
straint for the government:

S
Z Ps,th,t = Ptﬂ (28)

s=1

4Throughout the text, variables without a time subscript denote steady-state values.
5In Section C of the Online Appendix, we consider a version of the model in which government spending is
financed with distortionary labor income taxes.
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2.4 Aggregation

Let yﬂ t denote the nominal value added of producer j in sector s, defined as the
value of gross output produced by the producer less the cost of the intermediate
inputs it uses. That is,

Vi = PLZ, — PrsiHl,. (29)

Aggregating the nominal value added of all the producers in sector s yields
1 .
ys,t = / yg’td] - Ps,tZs,t - PH,S,tHS,t7 (30)
0

where we have used Equation 1) and the market clearing condition H,; = fol H g)tdj .

Moreover, summing up nominal dividends across firms within sector s yields

Dst

)

/ D dj - stZst - Ws,th,t - RK,s,th,t - PH,s,tHs,t
= yst_ stht_RKstht (31)

Aggregating nominal dividends across sectors and substituting into the households’
budget constraint , we obtainﬂ

S S
Z Vst = P.Cy + Pr I, + Z PGy (32)
s=1 s=1

Equation posits that the aggregate nominal value added, i.e., the sum of sectoral
nominal value added, equals the sum of the nominal values of consumption, invest-
ment, and government spending. Aggregate real value added (i.e., real GDP), Y}, is
then obtained by deflating the nominal aggregate value added by the consumption-

based price index, P, :

_Zs 1y5t ZYN» (33)

where Y} ; is the sectoral real value added.

6To derive this equation, we have used the government budget constraint , the zero-profit conditions
ZS Ws+Nst = WeN; and ZS Ri s:Ks+ = Ri K¢, as well as the fact that the net supply of private bonds
equals zero in equilibrium, B; = 0, Vt.
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3 Calibration

We consider an economy consisting of S = 58 sectors, which roughly correspond to
the 3-digit level of the NAICS code list, excluding the financial industries. Tables
Al — A3 in Section A of the Online Appendix report the entire list of sectors
to which we calibrate our model. Below, we discuss our calibration strategy, and
report the parameter values in Tables A4 — A7 in Section A of the Online Appendix.
Throughout the analysis, we assume that one period in the model corresponds to a
quarter.

We calibrate the sectoral shares ve, v, and vy, based on the average val-
ues reported in the Input-Output matrix of the U.S. economy from 1997 to 2015,
as computed by the Bureau of Economic Analysis. The consumption shares, v¢ s,
are measured by the contribution of each sector to personal consumption expendi-
tures. The investment shares, v;, are measured by the contribution of each sector
to nonresidential private fixed investment in structures and in equipment. The
intermediate-input shares, vg ., are measured by the use of intermediate inputs
from sector z in the production of sector s. We also use the average contribu-
tion of each sector to general government consumption expenditure to pin down
the steady-state levels of sectoral government spending, GG,. The general govern-
ment consumption expenditure is defined as the sum of federal government defense
spending, federal government non-defense spending, and state and local government
spending.ﬂ We normalize total government spending such that it sums up to 20%
of aggregate value added in the steady state, as observed in the data. Importantly,
the joint calibration of vc s, Vrs, Vi sz, and Gy allows the model to match almost
perfectly the sectoral shares in total value added.

To calibrate the factor intensities, an s and ap s, we use information from the
Input-Output matrix of the U.S. economy on value added, labor compensation, and
intermediate inputs. More specifically, we posit that the gross output of each sector
equals the sum of the compensation of employees, the gross operating surplus, and
intermediate inputsf| Since we consider a constant-return-to-scale Cobb-Douglas
production function, we can compute ap s as the sectoral shares of intermediate
inputs in gross output, and ays as the sectoral shares of the compensation of
employees in value added.

To assign values to the sectoral Calvo probabilities, ¢,, we match our sectors with

"Since our model abstracts from public investment, we exclude this category when we measure government
spending.
8We leave out taxes and subsidies from the computation of gross output.
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the items/industries analyzed by Nakamura and Steinsson (2008) and Bouakez et
al. (2011), and rely on their estimates of the sectoral durations of price spells to
back out the values of ¢,.

The time discount factor is calibrated to f = 0.995, such that the annual steady-
state nominal interest rate equals 2%, while the risk-aversion parameter is set to
the standard value of ¢ = 2. Moreover, we choose n = 0.5, such that the Frisch
elasticity equals 2, which is consistent with the estimate of the macro labor supply
elasticity derived by Peterman (2016)F] Moreover, we set 6 = 24.23, such that the
steady-state level of total hours, N, equals 0.33.

With respect to the elasticity of substitution of labor across sectors, we follow
Horvath (2000) and set vy = 1B Analogously, we set the elasticity of substitution
of capital across sectors to vx = 1. We calibrate the weights wy s and wg s such
that the model features imperfect substitution of labor and capital only around the
steady-state. In other words, labor and capital move freely across sectors in the
steady state, while displaying a degree of imperfect inter-sectoral mobility in the
short run. To do so, we set wy s = NW and wg s = K?

We set § = 0.025, which implies that physical capital depreciates by 10% on an
annual basis. We calibrate the investment-adjustment-cost parameter such that, in
the fully heterogeneous version of the model, the response of aggregate inflation to
a common government spending shock peaks after eight quarters, in line with the
empirical evidence of Blanchard and Perotti (2002). Accordingly, we set 2 = 17.
We calibrate the elasticity of substitution across varieties within a sector to € = 4,
which implies a steady-state mark-up of 33%, in line with the average mark-up that
De Loecker and Eeckhout (2017) estimate at the firm-level over the recent decades.

For the Taylor rule, we use the estimates of Clarida et al. (2000): we set the
degree of interest-rate inertia to g = 0.8, and the responsiveness to changes in the
inflation rate and to the output gap to ¢ = 1.5 and ¢y = 0.2, respectively.

To calibrate the autoregressive parameter of the sectoral processes of government
spending, we follow Nakamura and Steinsson (2014) and apply the simulated method
of moments to estimate the persistence of the quarterly AR(1) process using annual

data on spending. This procedure yields a quarterly coefficient of p = 0.90.

9In Section C of the Online Appendix, we consider a version of the model with a lower Frisch elasticity (i.e.,
n=1).

10Qur calibration choice for v and vx implies a larger extent of labor and capital reallocation across sectors
than in the case where these inputs are either firm- or sector-specific (e.g., Matheron, 2006; Altig et al., 2011;
Carvalho and Nechio, 2016). In Section C of the Online Appendix, we consider a version of the model in which
there is no mobility of labor and capital across sectors (i.e., vy — 0 and v — 0).
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4 The Government Spending Multiplier in a Multi-

Sector Economy

In this section, we study how and to what extent inter-sectoral linkages and sectoral
heterogeneity affect the government spending multiplier. More specifically, we mea-
sure the degree to which the aggregate value-added multiplier in the multi-sector
economy differs from its counterpart in a one-sector model, and evaluate the relative
contribution of the different features of the multi-sector economy in accounting for
this difference.

To do so, we increasingly enrich the one-sector model by successively adding dif-
ferent dimensions of sectoral interaction and heterogeneity. In total, we study six dif-
ferent economies. The first economy is the “One-Sector” model, which corresponds
to a fully symmetric economy with no intermediate inputs, obtained by setting
the sectoral shares to their average values and computing the value-added-based
labor intensities based on aggregate variables (i.e., vos = v = 1/58, G5 = G,
¢s = ¢, ags =ag =0, and ans = ay). The second model allows for the presence
of intermediate inputs (i.e., 0 < ay < 1) but imposes a fully symmetric Input-
Output matrix. We refer to this case as “Symmetric Input-Output Matrix”. The
third model allows for heterogeneity in the consumption shares, v¢ g, the invest-
ment shares, vy, and the steady-state government spending levels, GG5. We refer to
this version of the model as “Heterogeneous Shares”. The fourth model allows for
heterogeneity in factor intensities, ay s and oy s, and is referred to as “Heteroge-
neous Factor Intensities”. The fifth model allows for heterogeneity in the elements
of the Input-Output matrix, vy ., and is referred to as “Asymmetric Input-Output
Matrix”. The last model, labelled “Fully Heterogeneous”, allows for the remaining
source of heterogeneity, namely, sector-specific Calvo probabilities, ¢,.

We maintain comparability across all these model versions by focusing on the
effects of an aggregate government spending shock, that is, a shock common to all
sectors. More specifically, we assume that government spending increases by the
same percentage (relative to steady state) in all sectors. To account for the endoge-
nous persistence in the effects of the shock, we compute the discounted present-value
(or cumulative) spending multiplier at various horizons. The aggregate value-added

multiplier at horizon H is given by

>0 PE: (Yo —Y)

M) = S BB (G — G)

(34)
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In all the experiments, we compute the 1-year, 2-year, 5-year, and long-run cumu-
lative multipliers, though the analysis will mainly focus on the long-run multiplier
(i.e., the one corresponding to the case H — o0). We solve all the model versions
by taking a first-order approximation around the zero-inflation steady state. Table
reports the results.

Starting with the “One-Sector” economy, the 1-year and long-run value-added
multipliers are 0.66 and 0.31, respectively. These numbers are relatively low, com-
pared with the results reported in existing studies based on one-sector models (e.g.,
Gali et al., 2007 and Hall, 2009). The reason is twofold. First, we calibrate the Calvo
parameters so as to match the micro evidence on the duration of prices across sec-
tors. Accordingly, we set ¢s = ¢ = 0.66, which implies an average price duration
of 8.7 months, significantly shorter than the one-year average duration typically
assumed in the literature. Second, our framework also features physical capital,
which contributes to lowering the value of the multiplier via the crowding-out effect
on private investment.

Panel (a) of Table[I]also shows that moving from the one-sector model to the fully
heterogeneous one raises the long-run aggregate value-added multiplier by 84%, from
0.31 to 0.57. Which features of the multi-sector economy are the most important
in accounting for this amplification? Comparing the value-added multiplier across
the different model economies reveals the following results, reported in Panel (b) of
Table |1l First, the presence of intermediate inputs raises the long-run multiplier by
17%, from 0.31 to 0.35. Second, heterogeneity in the consumption, investment, and
government spending shares, or in factor intensities, has little quantitative impact
on the size of the multiplier. Finally, asymmetry of the Input-Output matrix and
heterogeneity in the degree of price rigidity raise the long-run multiplier by 20% and
54%, respectively. Together, these findings imply that input-output interactions and
heterogeneity in the degree of price rigidity are the dimensions that play the largest
role in amplifying the effect of government spending shocks on aggregate outputH

One additional observation about the results reported in Table [1| is worth em-
phasizing. The multi-sector model delivers a larger multiplier than the one-sector
economy, regardless of the horizon over which the effects of government spending
are cumulated. However, the amplification is larger the longer the horizon, amount-

ing to 16 percent for the 1-year multiplier, 21 percent for the 2-year multiplier, 35

' The results discussed above hold for the two categories of aggregate private spending, namely, consumption
and investment. In Section B of the Online Appendix, we show that both the consumption and investment
multipliers are significantly larger in the multi-sector economy than in the one-sector model, with sectoral
heterogeneity in price rigidity and input-output interactions being chiefly responsible for this amplification.
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percent for the 5-year multiplier, and 84 percent for the long-run multiplier. This
result implies that the bias in measuring the spending multiplier within a model
that neglects sectoral heterogeneity and inter-sectoral linkages could be particularly

severe at longer horizons.

4.1 Robustness

We evaluate the robustness of the results shown in Table [1] along three dimensions.
First, we consider an economy with immobile labor and capital (i.e., vy — 0 and
vk — 0). Second, we consider an economy in which the Frisch elasticity of labor
supply is set to a lower value than that assumed in the baseline economies. More
specifically, we lower this elasticity from 2 to 1 by setting n = 1. Third, we assume
that additional government spending (in excess of its steady-state level) is financed
through distortionary labor-income taxes instead of lump-sum taxes. The results
are reported in Section C of the Online Appendix. In all cases, our conclusions
continue to hold and, if anything, we find a larger amplification of the multiplier in

the multi-sector economy compared with the one-sector model.

4.2 Some intuition

The results reported in Table [I| underline the prominent role of input-output in-
teractions and sectoral heterogeneity in price rigidity in amplifying the aggregate
effects of government spending shocks. To provide some intuition on the mech-
anisms through which these two features affect the aggregate multiplier, we rely
on a simplified version of the model presented in Section 2. More specifically, we
make the following assumptions: (i) no capital in the production function (i.e.,
ays = 1, for s = 1,...,5), (ii) equal gross-output-based labor intensities across
sectors (i.e., ags = ay < 1, for s = 1,...,5), (ili) equal consumption shares
(ie., vos = ve = 1/5, for s = 1,...,5), (iv) a diagonal Input-Output matrix
(ie., vgss = 1, for s = 1,...,5) — which, in turn, implies that Ps; = Py ., for
s =1,...,5 —and (v) equal steady-state levels of sectoral government spending
(i.e., Gg = G, for s = 1,...,S5). As a result, sectors differ only in the degree of
price rigidity, ¢s. To simplify the algebra without loss of generality, we consider a
logarithmic utility function (i.e., ¢ = 1), a Taylor rule that does not react to the
output gap (i.e., py = 0) or allow for interest-rate smoothing (i.e., pr = 0), and
introduce a production subsidy that neutralizes the steady-state distortion due to

mark-up pricing.
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We log-linearize the model by taking a first-order approximation of the equilib-
rium conditions around a symmetric steady state; for the remainder of this section,

we measure all variables in terms of percentage deviations from their steady-state
P.s,t Ps,t
Pt Ps,tfl

the inflation rate in sector s, and let x; denote the log-deviation of a generic variable

values. Define Q; =

and 7y, = — 1 as, respectively, the relative price and
X, from its steady-state value, X. Under the assumption that government spending
changes by the same percentage in all sectors, so that g,; = ¢;, for s=1,..., 5, we

obtain the following system, which determines ¢, 7, and ¢,; autonomously

e = Eicrpr — (onm — Eimiga) (35)
Tst = BEth,rFl + K (1 - OéH) (GQS,t + E'Ct + \I]gt) 9 (36)
gst = Tt — Ty + Gs,t—1, (37)

where aggregate inflation, m, = v ) 7, is a weighted average of sectoral inflation

rates. The composite parameter Kk, = W;W’)

Calvo probability ¢s. For analytical tractability, this parameter will be used to

is a decreasing function of the

characterize the degree of price rigidity in the remainder of this subsection. Finally,

the composite parameters ©, =, and ¥ are given by

o = M —1_7,

1—OéH UN
2= 1+n(-=9)),
o= 1,

where 7 is the steady-state share of total government spending in aggregate value
added[™]

Equation represents the standard dynamic IS curve. Equation repre-
sents the New Keynesian Phillips curve of sector s, in which the real marginal cost
of production, i.e., the term (1 — ay) (©¢s; + Zc; + Vg;) , depends on the sector’s
relative price, ¢s;. Finally, Equation defines the relative price of sector s.

4.2.1 The role of intermediate inputs

We first examine the implications of intermediate inputs for the size of the govern-
ment spending multiplier. For this purpose, we abstract from sectoral heterogeneity
in price rigidity and assume that x, = k, for s = 1,...,S. As the model becomes

perfectly symmetric in this case, ¢;; = 0 and 7y, = 7 for s = 1,...,5, and one

12The details of the derivation of Equations f are given in Appendix
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can solve for the equilibrium paths of aggregate consumption and inflation using

the following two-equation system:

¢ = Eieipr — (SOHWt - Et7Tt+1) ) (38)
Ty = B]Et'/rtJrl + K (1 — OéH) (ECt + \Ijgt) . (39)

Since there are no state variables, under the assumption of an active monetary
policy (i.e., ¢ > 1) the unique rational expectations solution for consumption takes

the form
=&Yt (40)

Using the method of undetermined coefficients, one can show that the response of

aggregate consumption to the government spending shock is given by

(11 — p) (1—aH) KW
(1—=p)(1=Bp)+ (pnr —p) (1 — ay) KE

£=— (1)

The cumulative value-added multiplier is given by

1 _
MH) =1+ T”g, for all .

It is straightforward to show that M(H) increases in the share of intermediate
inputs in gross output, ay, which immediately implies that the aggregate value-
added multiplier is larger in a model that allows for input-output linkages than in
the benchmark one-sector economy. Intuitively, the fact that the gross product of
each industry is both consumed and used in the production of all other goods in
the economy gives rise to strategic complementarity in price setting among monop-
olistically competitive firms (see Basu, 1995). This feature reduces the sensitivity
of real marginal cost to changes in aggregate demand. In this respect, the presence

of intermediate inputs amplifies the overall degree of nominal rigidity.

4.2.2 The role of sectoral heterogeneity in price rigidity

Once symmetry in the degree of price rigidity across sectors is relaxed, even the
stripped-down version of the model represented by Equations f does not
have a closed-form solution for the multiplier. Nonetheless, useful insights into the
role of heterogeneity in price rigidity in amplifying the value-added multiplier can be
gained by aggregating the sectoral New Keynesian Phillips curves. To simplify the

analysis, let us abstract from intermediate inputs (i.e., ay = 0). Taking a weighted
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average of both sides of Equation (36]) across sectors yields
_ — = (1-7)ve
T = BEm + R (Ze + Vgy) — ——F— Z KsQs,t (42)
VN S

where & = v ), ks. This equation nests the one obtained in a symmetric model
(i.e., Equation (39) with x = K and oy = 0) as a special case in which the last term
on the right-hand side of the equality, % > < KsQsy, vanishes. When sectors
exhibit different degrees of price rigidity, aggregate inflation depends negatively on
an endogenous shift term that is proportional to the sum of sectoral relative prices,
weighted by (the inverse of ) the sectoral degrees of price rigidity. Assume, without
loss of generality, that there are only two sectors, and consider a common increase in
government spending. The sector with lower price rigidity experiences an increase
in its relative price, while the relative price of goods produced by the other sector
drops by an equal amount. However, the latter receives a larger weight in the shift
term. To the extent that there is imperfect labor mobility between the two sectors
(i.e., vy < 00), changes in relative prices imply a smaller response of aggregate
inflation relative to the case of a symmetric economy with the same average degree
of price rigidity. In this respect, changes in relative prices act as a further source of

real rigidity that amplifies the extent of nominal rigidity and, hence, the multiplier.

5 Production Networks and the Propagation of

Government Spending Shocks

Having established the role of sectoral heterogeneity and inter-sectoral linkages in
amplifying the spending multiplier, we now turn to the analysis of the propagation
of government spending shocks. In a multi-sector economy with heterogeneous and
interconnected production sectors, the aggregate implications of a shock to a given
sector depend not only on that sector’s intrinsic characteristics, but also on its posi-
tion in the production network. In this section, we exploit the multiple dimensions
of sectoral heterogeneity that our model allows for to identify the determinants of
the aggregate effects of sector-specific spending shocks. By shocking each sector in
isolation, we can also trace and quantify the spillover effects that operate through
the production network. All the results presented in this section are based on the

“Fully Heterogeneous” model.
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5.1 The aggregate effects of government spending shocks

We consider an exercise in which the economy is hit by one sector-specific shock
at a time. Figure 1| reports the l-year and long-run cumulative aggregate value-
added multipliers associated with the different sector-specific shocks. The figure
shows substantial heterogeneity in the size of the multiplier. The long-run multiplier
ranges from 0.32 when spending occurs in Computers and Electronic Products to
0.75 when spending takes place in Data Processing, Internet Publishing, and Other
Information Services. Although the 1-year multiplier displays less dispersion, the
difference between the smallest (0.27 in Housing™)) and the largest multiplier (0.89
in Other Transportation Services) is remarkableﬁ

Figure [1] also shows that the difference between the 1-year and the long-run cu-
mulative multipliers varies substantially across sectors, reflecting important sectoral
heterogeneity in the propagation of sector-specific spending shocks over time. For
instance, the long-run multiplier associated with government spending in Housing
is larger than the 1-year multiplier (0.38 versus 0.27), whereas the opposite pattern
is observed for government spending in Computers and Electronic Products (0.32
versus 0.84), thereby suggesting that the former spending category generates more
persistent aggregate output effects than the latter.

Figure [2] shows the response of the aggregate real wage — measured as the ratio
of the nominal wage to the consumption price index — to the different sector-specific
government spending shocks. The figure reveals significant dispersion in the re-
sponse of the aggregate real wage, not only in terms of magnitude, but also in terms
of sign, especially at short horizons. The 1-year cumulative wage response is nega-
tive when the government spends in 30 out of the 58 sectors, whereas the long-run
response is negative in 53 sectors. This result is important because the response of
the real wage to a government spending shock has been invoked to discriminate be-
tween competing theories of aggregate fluctuations (e.g., Perotti, 2008 and Nekarda
and Ramey, 2011). Indeed, while New Keynesian models imply that the real wage
rises following an increase in public expenditure, models that abstract from nominal
rigidities typically yield the opposite result. By showing that the sign of the wage
response crucially depends on the sectoral composition of government spending, our

findings imply that nominal rigidities per se do not pin down the behavior of the

3Housing corresponds to the activities of renting or leasing real estate to others, and managing, selling,
buying, and renting real estate for others.

14SQubstantial heterogeneity also characterizes the effects of sector-specific government spending shocks on
aggregate consumption, investment, employment, inflation, as well as on the nominal interest rate. These
results are reported in Section D of the Online Appendix.
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Figure 1: Aggregate Output Response to Sectoral Government Spending Shocks.
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Note: The figure plots the 1-year (top panel) and long-run (bottom panel) cumulative aggregate output multipliers associated with each

sectoral government spending shock. The multipliers are derived from the “Fully Heterogeneous” economy.



Figure 2: Aggregate Real Wage Response to Sectoral Government Spending Shocks.
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Note: The figure plots the 1-year (top panel) and long-run (bottom panel) cumulative aggregate real wage multipliers associated with each

sectoral government spending shock. The multipliers are derived from the “Fully Heterogeneous” economy.



real wage, and that, consequently, the latter should not be relied upon to reject one
theory in favor of the other.

Documenting heterogeneity in the aggregate effects of sector-specific government
spending shocks at the level of disaggregation considered in this paper is unprece-
dented. At best, some contributions employing two-sector models have focused on
very broad categories of industries, such as sectors with different tradability of the
final goods (e.g., Monacelli and Perotti, 2010), different labor intensities in the pro-
duction function (e.g., Alonso, 2016), and different degrees of capital specialization
(e.g., Ramey and Shapiro, 1998). Importantly, the amount of dispersion we report
is likely to be a lower-bound estimate, as our model allows for heterogeneity on the
production side, while abstracting from household heterogeneity and other features
that have been found to affect the size of the spending multiplier, such as credit

constraints and labor-market {rictions.

5.1.1 Robustness

We check the robustness of our findings to the same perturbations considered in
Section namely, alternative values of the elasticity of substitution of labor and
capital across sectors and the Frisch elasticity of labor, as well as distortionary
income taxation to finance government spending. The results are reported in Section
E of the Online Appendix. In all three cases, there is significant heterogeneity in
the aggregate output effects of sectoral government spending shocks, especially in
the economy with immobile labor and capital. In this case, the 1-year multiplier
ranges between —0.23 and 1.08, while the long-run multiplier varies between 0.14
and 1. Hence, in this version of the model government spending can — depending
on its sectoral composition — either have contractionary effects on economic activity

or foster output through a multiplier above unity.

5.1.2 Accounting for heterogeneity

What drives the heterogeneity in the response of aggregate variables to sector-
specific spending shocks? To answer this question, we regress the 1-year and long-
run cumulative multipliers associated with the sector-specific government spending
shocks on the following set of covariates: the sectoral degree of price rigidity, mea-
sured by the Calvo probability, ¢, the sectoral share in the production of the con-
sumption good, v¢ s, the sectoral share in the production of the investment good,
vr,s, the sectoral value-added-based labor intensity, oy, and the Katz-Bonacich

eigenvector centrality measure of the sector in the Input-Output matrix of the econ-
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omyE High values of centrality characterize the sectors located upstream in the
production network of the economy. Instead, downstream sectors are characterized
by low values of centrality.

Table [2| reports the results of the regressions in which the dependent variables
are the aggregate output, consumption, and investment multipliers, while Table
reports the results for the cases in which the dependent variables are the employ-
ment, inflation, and the real wage multipliers. The results indicate that the effect
of public expenditure on aggregate output is larger when the government spends in
sectors that have relatively rigid prices and high value-added-based labor intensities
(for given shares of intermediate inputs in gross output).

Government spending shocks originating in sectors with larger price rigidity gen-
erate a lower response of aggregate inflation, as long as labor and capital are not
perfectly mobile across sectors. This endogenous inflation inertia further decreases
the economy-wide markup and amplifies the outward shift in aggregate labor de-
mand. In equilibrium, aggregate employment and production expand by more,
compared with situations in which spending shocks occur in sectors characterized
by relatively flexible prices.lﬂ This argument is supported by the larger response of
the aggregate real wage to shocks in sticky-price sectors, as depicted in Table [3]

The value-added-based labor intensity, on the other hand, directly maps into the
slope of firms’ labor demand curve, and defines the extent to which an outward shift
in households’ labor supply generates downward pressure on wages. A higher labor
share in value added (i.e., a lower capital share in value added) implies that house-
holds react to government spending shocks by working longer hours at a relatively
higher wage. Consequently, the employment multiplier in a given sector increases
with its labor intensity. At the aggregate level, an increase in spending in sectors

that are relatively labor intensive translates into a larger shift in aggregate labor

15We report the details of the computation of the centrality measure in Appendix

16The role of sectoral price rigidity can be formally shown using the simple model presented in Section
Let us abstract again from intermediate inputs, and consider only two sectors, which we label s and x, with
sector s featuring relatively more rigid prices (i.e., ks < k). In this case, the aggregate Phillips curve can be
written as
ve [v (ks — ka) + 9] ve [V (ke — Ks) + 9]

Vo 1-—
( FY) ("qu‘s,t + Ka:q'c,t) + Jst + Gax,t-
UN UN UN

7y = BEymep1 + KZc —

This equation shows that, to the extent that labor is not perfectly mobile across the two sectors, the marginal
impact on aggregate inflation of a shock originating in sector s is smaller than that of a shock originating in
sector . This in turn means that the shock to sector s has a larger effect on aggregate output. Under perfect
labor mobility, on the other hand, sectoral real marginal costs change by the same amount, implying an equal
increase in labor demand in the two sectors, regardless of which sector is hit by the shock. In this case, the two
spending shocks affect aggregate inflation and output identically.
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Table 2: Determinants of the Aggregate Effects of Sectoral Government Spending Shocks.

Aggregate Value-Added Aggregate Consumption Aggregate Investment
Multiplier Multiplier Multiplier
1 Year Long Run 1 Year Long Run 1 Year Long Run

(1) (2) (3) (4) () (6)

Price 0.01*** 0.01** 0.01*** 0.01** 0.01*** 0.01*
Rigidity (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Consumption -1.96*** 0.38 -1.29*** 0.02 -0.66*** 0.37
Share (0.53) (0.44) (0.36) (0.30) (0.17) (0.32)
Investment 0.53 117 0.40 -0.60™** 0.22 -0.56™**
Share (0.41) (0.22) (0.30) (0.12) (0.27) (0.10)
Value-Added-Based 0.29*** 0.22*** 0.23*** 0.18*** 0.06*** 0.03
Labor Intensity (0.06) (0.05) (0.04) (0.03) (0.02) (0.02)
Centrality -1.79** -1.23** -1.17 -0.65* -0.62** -0.61*
(0.72) (0.59) (0.60) (0.48) (0.31) (0.36)
R? 0.77 0.50 0.78 0.58 0.72 0.46
N. obs. 58 58 58 58 58 58

Notes: The table reports the determinants of the response of aggregate variables to sectoral government spending shocks. Column (1)
reports the results of a regression in which the dependent variable is the 1-year cumulative aggregate value-added multiplier. Column (2)
reports the results of a regression in which the dependent variable is the long-run cumulative aggregate value-added multiplier. Columns
(3) and (4) report analogous results for the aggregate consumption multiplier. Columns (5) and (6) report analogous results for the
aggregate investment multiplier. All the regressions include the same set of independent variables, which consist of the price duration
implied by the sectoral degree of price rigidity, ¢s, the sectoral consumption share, vc s, the sectoral investment share, vy s, the sectoral
value-added-based labor intensity, an s, and a measure of the sector’s centrality in the Input-Output matrix of the economy. Robust
standard errors are reported in brackets. x x %, xx, and * indicate statistical significance at the 1%, 5%, and 10%, respectively.
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Table 3: Determinants of the Aggregate Effects of Sectoral Government Spending Shocks.

Aggregate Employment Aggregate Inflation Aggregate Wage
Multiplier Multiplier Multiplier
1 Year Long Run 1 Year Long Run 1 Year Long Run

(1) (2) (3) (4) () (6)

Price 0.01 0.01 -0.02*** -0.01*** 0.02*** 0.02**
Rigidity (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Consumption 1.47* 0.94* 3.79** 1.61 -4.11 0.37
Share (0.57) (0.54) (1.06) (0.34) (1.26) (1.01)
Investment -0.80 0.03 -1.29*** -0.45*** 0.78 , -2.137*
Share (0.49) (0.41) (0.37) (0.15) (0.51) (0.38)
Value-Added-Based 0.78*** 0.54*** -0.63*** -0.24*** 111+ 0.93***
Labor Intensity (0.18) (0.18) (0.12) (0.04) (0.12) (0.11)
Centrality -4.15** -3.54** -4.66** -1.52** -5.65*** -1.97*
(1.71) (1.42) (2.16) (0.71) (1.91) (1.13)
R? 0.51 0.48 0.77 0.79 0.88 0.69
N. obs. 58 58 58 58 58 58

Notes: The table reports the determinants of the response of aggregate variables to sectoral government spending shocks. Column (1)
reports the results of a regression in which the dependent variable is the 1-year cumulative aggregate employment multiplier. Column
(2) reports the results of a regression in which the dependent variable is the long-run cumulative aggregate employment multiplier.
Columns (3) and (4) report analogous results for the aggregate inflation multiplier. Columns (5) and (6) report analogous results for
the aggregate real wage multiplier. All the regressions include the same set of independent variables, which consist of the price duration
implied by the sectoral degree of price rigidity, ¢s, the sectoral consumption share, vc s, the sectoral investment share, vy s, the sectoral
value-added-based labor intensity, an s, and a measure of the sector’s centrality in the Input-Output matrix of the economy. Robust
standard errors are reported in brackets. x x %, xx, and * indicate statistical significance at the 1%, 5%, and 10%, respectively.
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demand, thus resulting into higher equilibrium levels of aggregate employment and
output.mﬁ As a corollary, the aggregate real wage responds more to shocks occur-
ring in sectors with a relatively large labor share in value added, which is confirmed
by the results reported in Table [3] Importantly, this mechanism operates indepen-
dently of labor and capital mobility, the degree of price rigidity, and the presence
of intermediate inputs.

The 1-year cumulative effect on aggregate output tends to be negatively cor-
related with the sector’s share in the consumption aggregator, while the long-run
effect correlates negatively with the sector’s share in the investment aggregator.
The larger these shares, the larger the crowding-out effect of government spending
on aggregate consumption and investment, and the smaller the effect on aggre-
gate output@ Finally, the results show that the output effect of sector-specific
government spending tends to be negatively correlated with the sector’s centrality.
In other words, aggregate output tends to respond more when spending occurs in

downstream sectors. The following sub-section is devoted to explaining this result.

5.2 The spillover effects of government spending shocks

To understand the role of the production network in shaping the aggregate effects of
sectoral government spending shocks, it is useful to note that the effect on aggregate
value added of a shock originating in sector s can be expressed as the sum of two

components, the effect of the shock on the value added of sector s (own effect) and

17To see this point, consider a two sector-economy in which prices are fully flexible, labor is the only production
input, and the two sectors, labelled s and x, are symmetric in every respect, except in their labor intensities.
Assume, without loss of generality, that sector s is more labor intensive than sector z (i.e., an, < ans < 1).
In this case, the aggregate demand schedule is given by

aN.s — AN

w=—(1—anNz)n+ 5 Tg.

An increase in spending in sector s leads to an increase in ng and, therefore, to an outward shift in aggregate
labor demand. In contrast, an increase in spending in sector = leads to to fall in n, (since consumption falls
in both sectors but government spending remains constant in sector s), implying an inward shift in aggregate
labor demand.

18Galf et al. (2007) and Hall (2009) show that the spending multiplier increases with price rigidity and
labor intensity in the context of a one-sector model. Higher price rigidity lowers the markup, shifting labor
demand outward, while higher labor intensity flattens the labor demand curve. Our analysis, instead, shows
that heterogeneity in price rigidity and labor intensity across production sectors introduces an additional shifter
in the aggregate labor demand schedule.

19Heterogeneity in the consumption shares only plays a role at short horizons. Indeed, households require
some time to be able to smooth out the consumption swings due to heterogeneity in the consumption shares,
because of the presence of real and nominal rigidities. Instead, the relevance of the investment shares rises with
the horizon at which the government spending multiplier is computed. Since we have calibrated the adjustment
costs to generate a peak response of investment two years after the realization of the government spending
shock, heterogeneity in the investment shares does not play a substantial role at short horizons.
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its effect on the value added of all the remaining sectors (spillover effect):

dYy  dYsy Zs dYy+
dGs,t N dGs’t r=1,2#s dGs’t )
N~~~ -~

~
Own effect Spillover effect

Thus, everything else equal, sectoral government spending shocks will tend to have
large aggregate output multipliers when they give rise to positive spillovers. Con-
versely, negative spillovers will tend to reduce the aggregate multiplier.

In our economy, government spending shocks generate spillovers through two
interconnected channels: the production network and changes in relative prices.
When the government increases its demand for the output of sector s, the latter
increases its demand for intermediate inputs, leading its input-supplying industries
to produce more. This channel therefore generates a positive spillover, which Ace-
moglu et al. (2015) refer to as the upstream propagation of government spending
shocks.

At the same time, the increase in the relative price of sector s generates two
competing effects on the output of the remaining industries. One the one hand,
its customer industries incur an increase in the cost of their intermediate inputs,
inducing them to cut production. This channel gives rise to a negative downstream
spillover. On the other hand, there is an expenditure switching effect whereby
households’ demand is diverted from sector s to its competitors, whose relative
prices have fallen. This channel produces a positive spillover that propagates both
downstream and upstream.

Importantly, the downstream spillover of public spending stemming from input-
output linkages is absent in the model of Acemoglu et al. (2015), as the combination
of flexible prices and constant-return-to-scale Cobb-Douglas technologies and prefer-
ences prevents any change in relative prices in response to demand shocks. Instead,
in our setting the relative price channel is operative owing to sectoral heterogeneity
in price rigidity and imperfect factor mobility.

These arguments suggest that government spending shocks in downstream sec-
tors are more likely to give rise to positive spillovers, whereas shocks to upstream sec-
tors are more likely to generate negative spillovers. To illustrate this point, we focus
on the most downstream and most upstream sectors of the economy, namely Nurs-
ing and Residential Care Services, and Professional Services, respectively. Panel
(a) of Figure [3| shows the response of all the sectoral value added to an increase in
government spending in Nursing and Residential Care Services, while Panel (a) of

Figure [4] shows the sectoral value-added responses when the shock occurs in Pro-
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Figure 3: Sectoral Value-Added Responses to a Government Spending Shock in Nursing and Residential Care.
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Notes: The top graph plots the sectoral value-added multipliers associated with a government spending shock in Nursing and Residential

Care in the “Fully Heterogeneous” economy. The bottom graph plots the sectoral value-added multipliers in a counterfactual model without

an Input-Output matrix. In each graph, the right panel shows the response of the value added in Nursing and Residential Care to its own

spending shock.
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Figure 4: Sectoral Value-Added Responses to a Government Spending Shock in Professional Services.
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The bottom graph plots the sectoral value-added multipliers in a counterfactual model without an

Input-Output matrix. In each graph, the right panel shows the response of the value added in Professional Services to its own spending

Notes: The top graph plots the sectoral value-added multipliers associated with a government spending shock in Professional Services in
shock.

the “Fully Heterogeneous” economy.



fessional Services. Panel (b) of each figure depicts the responses obtained from a
counterfactual version of the model in which the sectors are fully heterogeneous
but do not buy/sell materials inputs from/to each other (i.e., a fully heterogeneous
model without Input-Output matrix).

Panel (a) of Figure (3| shows that the spending shock originating in Nursing and
Residential Care Services raises output significantly in a few sectors, while leaving
the value added of most sectors essentially unchanged. The sectors that expand
are the largest providers of intermediate inputs to Nursing and Residential Care
Services, namely Other Real Estate (which includes Real State Property Managers
and the Offices of Real State Agents, Brokers, and Appraisers), Computer Systems
Design Services, and the Management of Companies. Table {4] shows that 0.114 of
the 0.768 dollar change in aggregate value added is due to the positive spillover of
the spending shock in Nursing and Residential Care Services. On the other hand, an
increase in government spending in Professional Services triggers a negative output
response in a large number of sectors. The reduction in the aggregate value-added

multiplier resulting from this negative spillover amounts to —0.232 dollars.

Table 4: Spillovers of Government Spending in Downstream and Upstream Sectors.

Panel a. Shock in Most Downstream Sector

With Input-Output Matrix Without Input-Output Matrix

Own Effect 0.654 1.158
Spillover Effect 0.114 -0.643
Total 0.768 0.515

Panel b. Shock in Most Upstream Sector

With Input-Output Matrix Without Input-Output Matrix

Own Effect 1.033 1.036
Spillover Effect -0.232 -0.064
Total 0.802 0.972

Note. The spillover effect is computed as the sum of the responses of the sectoral value added
of all sectors other than sector s to a government spending shock in sector s.

When we abstract from sectoral interactions, spending shocks in both Nursing
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and Residential Care Services and Professional Services bring about a simultaneous
decline in the value added of all the remaining sectors. Consistently with our dis-
cussion of the transmission of spending shocks, this counterfactual exercise reveals
that neglecting input-output linkages leads to underestimating the degree of posi-
tive spillover (in fact, even implying a negative spillover) when the shock occurs in
the most upstream sector, and to underestimating the extent of negative spillover
when the shock originates in the most upstream sector.

These observations rationalize the fact that the aggregate effects of sector-specific
shocks tend to be large when spending occurs in sectors that are relatively more
downstream in the production process. The increase in the demand for intermediate
inputs emanating from these sectors triggers a cascade effect on a larger number
of industries, leading to a large response of aggregate output. At the same time,
because these sectors have relatively few customer industries, the negative spillover
they generate is very limited.

In light of this discussion, sectoral output (and employment) in the upstream
sectors should be the most responsive to government spending shocks, especially
those originating in downstream sectors. To verify this conjecture, we compute
the mean response of sectoral value added to all the sector-specific shocks and
regress it on the same set of controls of Table 2] As before, we focus on the 1-
year and long-run cumulative responses. We report the results of this exercise
in Table The average output response tends to be larger in sectors that have
relatively rigid prices and high value-added-based labor intensities. Importantly, the
coefficient attached to the measure of centrality is positive and strongly statistically
significant, indicating that sector-specific spending shocks tend to have relatively
large effects on the output of upstream sectors. This result reflects the upstream
propagation pattern resulting from the positive spillovers of government spending

shocks to input-supplying industries.
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Table 5: Determinants of Sectoral Value-Added Responses to Sectoral Gov. Spending Shocks.

Average Sectoral Value-Added Multiplier

1 Year Long Run

(1) (2)

Price Rigidity 0.01%+* 0.01*
(0.00) (0.00)
Consumption Share -0.03*** 0.01
(0.01) (0.01)
Investment Share 0.01 -0.02***
(0.01) (0.01)
Value-Added-Based 0.01*** 0.01***
Labor Intensity (0.00) (0.00)
Centrality 0.03*** 0.02**
(0.01) (0.01)
R? 0.77 0.50
N. obs. 58 58

Notes: The table reports the determinants of the average response of sectoral value
added to sectoral government spending shocks. Column (1) reports the results of a
regression in which the dependent variable is the average 1-year cumulative value-
added multiplier across sectors. Column (2) reports the results of a regression
in which the dependent variable is the average long-run cumulative sectoral value-
added multiplier. All the regressions include the same set of independent variables,
which consist of the price duration implied by the sectoral degree of price rigidity,
¢s, the sectoral consumption share, v s, the sectoral investment share, vy s, the
sectoral value-added-based labor intensity, ay s, and a measure of the sector’s
centrality in the Input-Output matrix of the economy. Robust standard errors are
reported in brackets. x x %, %, and x indicate statistical significance at the 1%,
5%, and 10%, respectively.
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6 Concluding Remarks

This paper has studied the macroeconomic effects of government spending through
the lens of a highly disaggregated multi-sector model calibrated to the U.S. economy.
Our results show that the aggregate value-added multiplier is substantially larger
than that obtained from the benchmark one-sector model typically considered in the
literature, and that the bulk of this amplification is due to input-output interac-
tions and sectoral heterogeneity in price rigidity. Moreover, we document substantial
heterogeneity in the aggregate effects of sector-specific government spending shocks,
which tend to be larger in sectors with relatively rigid prices and high value-added-
based labor intensities, as well as in downstream sectors, reflecting the cascade
effect stemming from positive spillovers of government spending to input-supplying
industries. Together, these results suggest that taking seriously sectoral heterogene-
ity and production networks improves our understanding of the aggregate effects of
government spending shocks and their transmission, which can be crucial when
implementing spending-based stimulus or consolidation plans.

While this paper proposes a novel perspective to think about the implications
of government spending, our analysis has remained positive in nature. The marked
heterogeneity in the aggregate effects of sectoral public spending, and the spillover
effects brought about by the input-output network, however, suggest that, from a
normative standpoint, an optimizing fiscal authority needs to determine not only
the optimal level of government spending, but also its composition. We leave this

issue for future research.
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A Simple Model

This appendix shows the derivation of the simplified model discussed in Section
4.2. We make the following assumptions: (i) no capital in the production function
(ie., ans =1, for s = 1,...,5), (ii) equal labor intensities in gross output across
sectors (le., ags = ag < 1, for s = 1,...,5), (ili) equal consumption shares
(ie., vos = v = 1/S, for s = 1,...,5), (iv) a diagonal Input-Output matrix
(i.e., vgss = 1, for s = 1,...,5) — which, in turn, implies that Ps; = Py 4., for
s =1,...,5 —and (v) equal steady-state levels of sectoral government spending
(i.e., Gy = G, for s = 1,...,S5). As a result, sectors differ only in the degree of
price rigidity, ¢,. To simplify the algebra without loss of generality, we consider a
logarithmic utility function (i.e., o = 1), a Taylor rule that does not react to the
output gap (i.e., py = 0) or allow for interest-rate smoothing (i.e., pr = 0), and
introduce a production subsidy that neutralizes the steady-state distortion due to
mark-up pricing.

Log-linearizing the first-order condition for bonds yields
¢ = Eicrpr — (re — Eymiga) - (A1)

Using the log-linearized Taylor rule (Equation to substitute for r; yields Equation
in the main text.

To derive Equation (36)), we start combining the (log-linearized) first-order con-
dition for the optimal price and the definition of the sectoral price index to obtained

the following sectoral New Keynesian Phillips Curve:
Tst = BEtﬂ's,tJrl + RsMCs ¢, (A2)

where mc;,; denotes the real marginal cost of production in sector s (expressed as
a deviation from its steady-state value). The latter can be expressed as a linear

combination of the sector’s real wage and relative price, gs:
mesy = (1 — ap) (Wse — pr) + gy (A.3)
Log-linearizing the sectoral resource constraint yields
G,

Cs H,
Zsit = ch,t + ng,t + Zhs,t. (A.4)
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Using the linearized production function to substitute for A, we obtain

C, Gy H, (1 11—«
Zs,t - ch,t + ng,t + Z (Ezs’t — on Hnsvt> . (A5)

By virtue of the production subsidy, the steady-state distortion due to mark-up
pricing is neutralized, so that H;/Zs = ay. In the steady state, sectoral government
spending is assumed to be a fraction v € [0, 1] of value added, Y4, so that G;/Z, =
v(1 —ag)and Cs/Zs = (1 —v) (1 — ay). Thus, Equation becomes

Ny = (1 —7)Cot + VGss- (A.6)

Imposing gs+ = g, and substituting the linearized labor-supply function for sector
s (i.e., ngt = vy (ws s —wy) +ny), the labor supply equation (i.e., nni +c¢; = wy — py),

and the demand for good s (i.e., ¢s: = ¢ — ¢s+) into Equation (A.3), we obtain

mcs,t = (]- - aH) (@qs,t + E:Ct + Wgt) ) (A7)
where
0 = ag 1 —77
1-— ag UN
E = 1+n(l-7),
v = .

Inserting (A.7)) into (A.2]) yields Equation in the main text.

Finally, Equation in the main text follows immediately from the definition
Ps,t
P

of the sectoral price: Qs =
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B Centrality Measure

To determine the position of each sector in the Input-Output matrix of the economy,
we follow Carvalho (2014) and use the eigenvector centrality measure introduced by
Katz (1953) and Bonacich (1972). A sector is central if most of its output is sold
as intermediate inputs to other sectors, and these sectors tend to be themselves
providers of intermediate inputs to all the other sectors of the economy. Hence,
high values in the degree of centrality characterize the sectors which are upstream in
the production network of the economy. Instead, low values of centrality determine
downstream sectors, which are the industries whose output is sold directly to final
consumers and demand intermediate inputs from the other sectors, and these sectors
tend themselves to demand intermediate inputs from all the other sectors of the
economy.

The vector of centralities ¢ is computed as:

—1
c= %(J—a,{w) 1,

where ay = 0.4648 is the share of intermediate inputs in the gross output of the

“One-Sector” economy, S = 58 is the number of production sectors, I is a diagonal
s

., Characterizes the Input-Output matrix of economy, and

matrix, W = {vpy .}

1 is a vector of ones.
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